Introduction: Influenza virus has several conserved peptides which have the capacity to be used as suitable candidates for appropriate and stable vaccine production against different types of influenza viruses. One of these peptides is HA2, the hemagglutinin stalk domain which mediates the membrane fusion and is conserved amongst different sub-types of influenza virus. This peptide is a good candidate for participation in vaccine structure to induce immunity and antibody production. The ensued antibody may hamper the membrane fusion and subsequently the virus propagation. Methods: The peptide sequence of HA2 from influenza virus A/Tehran/18/2010 (H1N1) was analyzed using in silico tools in order to evaluate its physicochemical properties and identification of its best immunogenic sites. The confirmed sequence was amplified and cloned into a pET28a vector and the recombinant protein was over-expressed prokaryotically and confirmed by Western blotting. Results: The bioinformatics data showed that HA2 peptide stability and immunogenicity. The generated HA2 construct was confirmed by PCR, endonuclease restriction enzyme analysis and sequencing. The expression of HA2 was confirmed by SDS-PAGE and Western blot analysis. The results on the cell lysate demonstrated the high expression of HA2 subunit of the influenza virus hemagglutinin. Conclusion: One of the disadvantages of the current flu vaccines is that they cannot produce efficient broad-spectrum cellular and humoral immune responses against all subtypes of the virus due to the genetic variation of the virus. Therefore, such a conserved protein is potentially a good candidate for production of a broad-spectrum vaccine to prevent influenza epidemics and pandemics.
INTRODUCTION
With the onset of the cold season, the incidence of respiratory illnesses such as influenza is increased dramatically which causes mild to severe illnesses and in some cases, death. The causative agent of this disease is a member of the Orthomyxoviridea family which is divided into three types of A, B and C [1] . Type A virus has been accounted for three pandemics of Spain in 1918, Asia in 1957 and Hong Kong in 1968 [1] . The genome of type A virus consist of 8 fragments of RNA which encodes approximately ten proteins [2, 3] . The two main membrane proteins of the virus are hemagglutinin (HA) and neuraminidase (NA) which are the most important surface glycoproteins and antigens upon which the viral antigenic diversity and the host immunity depend [4] . Due to the biological significance of HA protein of influenza virus, several researches have been conducted on it. This glycoprotein is a trimeric spike and consists of 566 amino acids [5] . A signal peptide sequence at the end of the amine terminal leads the polypeptide towards the endoplasmic network [6] . The HA0 protein is then cleaved into two HA1 (328 amino acids) and HA2 (221 amino acids) subunits by the respiratory tract proteases which remain attached to each other by di-sulfide bonds [7] . The HA1 subunit located at the N-terminal of the molecule includes a spherical head which has cell-receptor binding sites that allow the virus to bind to the sialic acid receptors at the surface of the epithelial cells of the human respiratory tract [8] and possess multiple antigenic regions that can be detected by antibodies [1] . The HA2 subunit is located at the C-terminal of HA glycoprotein. Its primary amino acids (185 residues) are outside of the membrane, 25 amino acids are trans-membrane and 10 amino acids are inside the membrane [9] . The 38 initial primary amino acids located at the Nterminal region are involved in fusion of the virus and the endosomal membranes [7] . As a result of germination and spread of the infection, the humoral and cellular immune responses are stimulated. The secreted antibodies are mainly against the HA1 and HA2 antigenic regions [1, 4] which ultimately prevent the virus attachment and replication. Having a fragmented genome and lack of a proof-reading mechanism for the polymerase enzyme [7] , several genetic shifts and drifts occur in two surface glycoproteins (i.e. HA and NA) of the virus. These changes on the new subtype prevent the efficiency of the matched antibodies against the parental subtypes [10, 11] . These variations cause the viral scape from the host immune system. However, in spite of the sequential changes in HA molecule, there are some epitopes which are conserved in different types of this virus [12, 13] . These conserved epitopes are more in HA2 than HA1 subunit [14] . In fact, the fusion peptide, located in the N-terminal of the HA2 subunit, especially the first 11 amino acids, are conserved among different subtypes of the influenza virus which can be the target of antibodies of the host immune system [15] . Furthermore, the arginine amino acid which binds between HA1 and HA2 and is detected by the host respiratory protease, is also fully conserved [7] . A large number of studies have shown that HA2 subunit has 85% homology within different subtypes [16] . Regarding the genetic variation of influenza virus which causes annual epidemics, the development of a new vaccine based on the conserved proteins such as HA and M2 have been pursued by the researchers over the last few years. Therefore, in this study, a short segment of an HA subunit (HA2) of influenza A virus/H1N1was isolated and expressed in a prokaryotic host as an appropriate and conserved antigen to be used and assayed in the combination of a new candidates of influenza subunit vaccine in future.
MATERIALS and METHODS

Bioinformatics analyses
Firstly, The amino acid sequence of HA from influenza A virus (A/ Tehran/ 18/2010/ H1N1) with the accession code HQ419001.1 was blasted with multiple viral HA2 protein sequences in NCBI (National Center for Biotechnology Information) database [17] . The desired sequence with respect to the purpose of the study which was the expression of a viral protein in the prokaryotic expression system, was investigated using codon optimization software. Then, the optimized amino acid sequence using a software at Expasy database [18] was evaluated for physicochemical properties as well as the immunogenicity and sustainability indices using Ellipro (an online tool which predicts discontinuous epitopes from 3D structures proteins PDB format, based on solvent-accessibility and flexibility; http://tools.immuneepitope.org/tools/ElliPro/iedb_input). The PDB format input files for HA2 were provided to the server separately and minimum score value was set at 0.7 while maximum distance was selected as 6 Å. A residue clustering algorithm, the MODELLER program, and the Jmol viewer, together with this tool allowed the prediction and visualization of epitopes of antibody in protein sequences and structures [19] allergenicity [20] and structure validity using PSVS V (Version 1.5, PDBStat Version 5.12) [21] .
Isolation of the HA2 gene
The pGEM-T vector containing the complete HA gene of A/Tehran/18/2010/H1N1, isolated in Pasteur Institute of Iran, was used as a PCR template in this study. To facilitate the cloning procedure, BamH1 and HindIII restriction sites were embedded in the forward and reverse primers used for the amplification, respectively. The primer sequences with underlined restriction sites are shown in Table 1 . Reverse primer 5'-CCAAGCTTAATACATATTCTACAC-3'
PCR was conducted using a mixture of 2.5 μM Taq polymerase buffer, 0.75 μg MgCl2, dNTP (10 mM), 1 μM primers and Taq polymerase enzyme (CinnaGen, Iran). The PCR product was evaluated by running on1% agarose gel electrophoresis [22] .
Cloning of the amplified HA2 fragment
In order to clone HA2 in pGEM-T Easy vector, the fragment was purified from agarose gel using Gel Extraction kit (Bioneer, USA). The target gene and the vector were ligated using T4 DNA ligase (ThermoScientific, Lithuania). Following 24 h of the ligation, the vectors were transformed into competent Top 10F' Escherichia coli and cultured on solid medium containing IPTG inducer, X-Gal reagent and ampicillin and tetracycline antibiotics. The blue-white colony screening method was used to select the plasmid-derived colonies and the plasmids were investigated after extraction for the presence or absence of the desired gene by enzyme digestion by the two specific enzymes (BamH1 and HindIII).
The double-digested HA2 amplicon was purified to be used as an insert by PCR purification kit (Roche, Germany). At the same time, the expression vector pET28a was double-digested by the same two enzymes and using the silicate column of plasmid extraction kit (Qiagen, Germany), the linear vector was ligated into the HA2 insert and stored at 4°C for 4 days. Competent E. coli Top10F' was transformed and cultured on agar plate containing kanamycin and tetracycline. The colonies were evaluated by colony-touch PCR and enzymatic digestion. Finally, a confirmed recombinant vector was sent to SinaClone (Iran) for sequencing.
Expression and purification of HA2 protein
In order to express the protein, the recombinant plasmid was transformed into E. coli strain BL21. The expression of HA2 protein was induced by 1 mM IPTG at OD = 0.6 -0.8 and incubation at 37°C (190RPM) for 4 h. To optimize the expression conditions, IPTG was tested at two concentrations of 0.2 and 0.5 mM, incubated at two temperatures of 37°C and 28°C. The presence of protein was investigated by SDS-PAGE, based on Lammeli method [23] and detected by Coomassie staining. Western blot was used to confirm the identity of the recombinant proteinsusing nitrocellulose membrane and anti 6×his tag antibody (1/6000 Qiagen, Germany). Finally, the protein band was visualized using Diabimabenzidine (DAB, Sigma, UK) substrate. In order to purify the recombinant protein, Protino ® Ni-TED 1000 packed column (MN, Macherey-Nagel, Germany) was used, according to the manufacturer's instructions. The extracted lysate was taken on the column in several steps. The samples collected from different steps of the column purification were analyzed by SDS-PAGE. The purified protein was then desalted with G25 columns and dialyzed against a PBS buffer.
The results of preliminary bioinformatics studies such as the homology of HA2 fragments among different influenza viruses and their physicochemical properties by the available software on Expasy website provided information on HA2 recombinant protein, such as its molecular weights (Mw) of approximately 28 kDa, approximate half-life of more than 10 h in E. coli, the stability index of about 32.91 (below 40 indicates the stability of the molecule), estimated pI (6.3) , aliphatic index (74.65) and GRAVY(-0.494) (negative GRAVY value indicates that the protein is non-polar) which were used in the next steps to identify and validate the molecule. The allergenicity of HA2 protein was evaluated using Structural Database of Allergenic Proteins (SDAP) and the results showed that the protein was not allergenic.
This protein was also evaluated using IEDB database for epitope mapping and the scores of any amino acid in the antigenicity of the HA2 molecule were evaluated as shown in Fig. 1 . As shown in Fig. 2 , the best epitopic regions, predicted by IEDB (Ellipro) were fully available on the molecular structure of the three-dimensional structure (MODELLER program and Jmol viewer) and were predicted to be potentially capable of stimulating the immune system and producing antibodies. Furthermore, the quality of the molecular structure was evaluated by Protein Structure Validation Software (PSVS) and the results showed that the protein model is acceptable (Table  2) . HA2 isolation and cloning PCR amplification of the 700-bp HA2 amplicon using the designed primers is shown in Fig. 3 . The desired gene was successfully double-digested by BamH1 and HindIII restriction enzymes from pGEM-T Easy vector for cloning in pET28a expression vector and was cloned into double-digested pET28a expression vector. Colonies harboring the vector following transformation were tested and confirmed by colony-touch PCR. The results, as expected, showed a 700-bp amplicon for the positive colonies (Fig.4) .
After the above-mentioned initial confirmation by PCR, the enzymatic digestion was carried out using BamH1 and HindIII restriction enzymes on the extracted constructs of two positive colonies. The results confirmed the presence of a 700-bp (HA2) gene fragment (Fig. 5) . In order to confirm the sequence of the cloned gene, the recombinant pET28a /HA2 construct was sent for sequencing. The sequencing reviews confirmed the correctness of the cloned sequence and the absence of any mutations or false positives. 
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Expression and purification of HA2 protein
The confirmed recombinant construct was transformed into E. coli strain BL21 to express the HA2 protein. The protein expression was investigated with two concentrations of IPTG at different incubation times at 28°C and 37°C. The results from SDS-PAGE showed that the highest and optimal expression induction condition was obtained at the concentration of 0.5 mM IPTG and 3 h after the induction, incubated at 28°C (Fig.   6 ). The protein expression was also examined after one night. The result showed a significant decrease in protein expression. 
DISCUSSION
Due to the high prevalence of influenza epidemics that occur every year, several studies are ongoing on its prevention and treatment. Vaccination is the most efficient and cost-effective way to prevent infectious diseases [24] . Inactivated flu vaccines have the benefit of preventing the disease, however, because of poor immune response in neonates and the elderly (over 65 years of age) and the constant need to follow changes in the viral proteins, especially HA and NA, the researchers have to look for more efficient vaccines that need no annual change but provide acceptable cross-linking immunity [25] . As stated, the most important challenge in the production of a subunit recombinant flu vaccine is the genetic instability of the virus proteins which limits the application of the vaccine in the long term [26] . For this reason, the use of conserved sequences in the viral antigenic proteins is preferable to develop the new vaccines. The results of the alignment of the influenza virus genes amongst different types of the virus indicated that HA gene is highly conserved in some areas of the molecule. Despite the high mutation rate in the large subunit of HA glycoprotein (HA1), its small subunit (HA2) is highly conserved. Due to the fact that HA2 sequence, especially in first 11 amino acids are conserved among the various subtypes of the virus, it can be inducer of acquired immunity for the different subtypes. Thus, antibodies targeting HA2 subunit will provide a widespread protection against the seasonal and pandemic infections of various types of influenza A viruses. This protection is provided through the prevention of HA2 integration activities. For this reason, HA2 is one of the most important antigens to produce a broad-spectrum vaccine. Studies have been conducted on the immuno-protective effects of the conserved areas of HA2 which all have shown, it could be considered as a remarkable imitated candidate for the infection [27, 28] In case of HA1, A study has shown that the HA1 molecule of the influenza A virus/ H1N1/ 2009 expressed in E. coli in nonglycosylated form was completely immunogenic and stimulated the immune system in an animal model [29] . The antibodies produced against that antigen have been shown to have the ability to react with HA1 antigen and to exhibit favorable protective effects. It has been shown that due to genetic variations of the virus, especially in HA molecule, the position and number of glycan chains on this molecule are variable but have no effect on its spatial structure and molecular function [29] . In another study, it has been shown that the shorter the length of the glycan chains on HA molecule (even as monosaccharides), the stronger the antigenicity of the molecule will be [30] . In this study, considering the importance of HA2 conserved areas for the immune response and the lack of glycosylation effect on the structure of this peptide, we attempted to clone HA2 into a prokaryotic expression vector. Given the above information and the lower efficacy and protective effects of the inactivated available vaccines compared to subunit vaccines and their time-consuming production in face of the pandemic (e.g. in 2009 pandemic required 150 million doses for only Latin America only) [29] , we cloned and expressed and detected this HA2-based vaccine candidate as a histidine-tagged recombinant protein. Following bioinformatics analyses of the target protein in terms of different indices as the first step, we observed that HA2 molecule could be expressed well in a prokaryotic host and based on the predicted epitopic sites, it can potentially stimulate the immune system to produce polyclonal antibodies against the virus and can be considered as a good candidate global vaccines to prevent emerging pandemics and epidemics. In order to use this component in the combination of an effective vaccine against influenza, evaluating the immunogenicity of the protein in animal models such as mice is essential. For instance, this protein can be evaluated by using an adjuvant or adding other influenza virus conserved proteins such as nucleoprotein (NP) or parts of type II membrane proteins (3M2e). Furthermore, the production of monoclonal antibody based on this antigen can also be pursued.
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